Changes in P wave morphology were common and slow junctional rhythm occurred in 13 per cent during sleep.
In the past, diagnoses of arrhythmias in childhood were made from the resting surface electrocardiogram taken for short periods, and often depended on chance recordings. Since 24 hour ambulatory monitoring on magnetic tapes became available, the tendency has been to interpret them in the same way as resting electrocardiograms despite the fact that they are recorded with the patient awake or asleep, during exercise or rest, and with the patient in the erect, prone, or supine positions. The findings on 24 hour ambulatory electrocardiographic tape recordings in normal healthy adults have been published.1-3 So far there are no reports of the findings in normal healthy children. This study was undertaken to define the characteristics of the electrocardiogram over 24 hour periods in normal healthy boys.
Methods
Recordings were made for two consecutive periods of 24 hours in 131 healthy boys whose ages ranged * This work was supported by a grant from the British Heart Foundation.
Received for publication 20 December 1979 from 10 to 13 years. The boys had no symptoms and were questioned particularly about fainting attacks or loss of consciousness. A full clinical examination was carried out by one of us (O S) and no cardiac abnormality was detected in any of the subjects.
One chest electrode was placed on the upper part of the sternum and the other in the position of chest lead V4. They were firmly fixed to the skin without any air trap, taped down, and connected to a battery-operated Oxford Instruments miniature analogue tape recorder. The cassette was housed in a leather bag worn round the waist. Diaries were kept by the boys who noted their activities at particular times and the time of going to bed so that these could be correlated with findings on the tapes. They led normal lives and continued all usual sports except swimming. Analysis was carried out using the Oxford Medical Systems Analyser which automatically detects changes in heart rate or rhythm from preset RR intervals. The equipment incorporated a "synclock" mechanism to avoid variations in tape speed which would produce artefactual rhythm or rate patterns.
four hourly intervals throughout the trace for 10 second periods even when no abnormality was found.
The heart rate was recorded from the tapes at 30 minute intervals. The rate varied at each recording. It is important to state that none of the lowest or highest rates ever lasted more than half an hour.
In 17 of the 131 boys (13%) the initial recordings were unsatisfactory. In four the electrodes were displaced, in eight the leads were broken; five of the tapes had been unwound by the boys and damaged. All were repeated and satisfactory tracings obtained; our observations are reported as mean ranges over 24 hours.
The following observations were made from the analysis of each tape:
(1) The highest and lowest heart rates, awake and asleep.
(2) Sinus arrhythmia (a gradual increase and decrease in PP intervals).
(3) Abnormal P waves during the day and night, their duration, and the heart rates associated with abnormal P waves. When abnormal P waves occurred over three or more successive beats, this was defined as junctional rhythm.
(4) Sinuatrial block. This was classified using conventional criteria. 4 (Table 1) Of the 131 boys, 36 showed no abnormalities and remained in sinus rhythm throughout the recording. This was present in every tracing and sinus pauses as long as 1-6 s occurred in six subjects at night when the heart rates were slow. The presence of sinus arrhythmia caused some difficulty when interpreting abnormalities such as second degree block type I (Wenckebach) And finding varying PP intervals in addition (Fig. 2) . when awake only in seven (5-3%); in three the P wave changed during exercise. In 17 boys (13%) the P waves altered during the day and night, usually becoming inverted or flat. In 17 (13%) the abnormal P waves were associated with junctional rhythm (Fig. 3) , varying from three successive beats to periods of 25 minutes. During sleep the junctional rhythm was associated with slow heart rates.
(4) SINUATRIAL BLOCK Mobitz type I sinuatrial block was not seen. Mobitz type II sinuatrial block was seen twice only and occurred only twice in each boy during sleep (Fig. 4) . Complete sinuatrial block was seen in 11 boys (8-4%). The block lasted for one cycle only, was always followed by junctional beats, and in two was followed by slow junctional rhythm (Fig. 3) . It never occurred more than three times over a 24 hour period, and in two subjects it occurred once only. In three patients the block occurred during the day, in six at night, and in two both day and night. for evidence of Mobitz type I sinuatrial block but it was not seen. First degree atrioventricular block was always associated with bradycardia, especially during sleep. Second degree atrioventricular block Mobitz type I was a surprising finding and was commoner in our series (10.7%) than in the series of 50 medical students (6%)' and than in older age groups (2.3%)2. In another series of adults it was not seen.3 It was always associated with bradycardia and occurred at night in 12 of 14 boys. Again increased vagal tone causing depression of the atrioventricular nodal conduction was probably responsible. This Wenckebach atrioventricular block has also been reported in Olympic athletes7; 2: 1 block occurred once (Fig. 5) . Mobitz type II atrioventricular block was not seen.
The occurrence of premature beats and their incidence over 24 hours was much less frequent in boys of 11 to 13 years than in adults. The R-on-T phenomenon was never seen nor were episodes of ventricular or supraventricular tachycardia both of which have been observed in healthy adults (16 to 65 years).2 3 Alteration in form and direction of P waves in the standard resting electrocardiogram is uncommon. Our impression when we first used 24 hour ambulatory recordings that such changes in P wave morphology were common has been confirmed. It is important not to overinterpret the significance of these changes when the recording is from a single lead and the patient's position is changing.
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